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A characterization of normal bases and complete normal bases in GF(~'-) over 
GF(q), where q > 1 is any prime power, r is any prime number different from the 
characteristic of GF(q), and n 2 1 is any integer, leads to a general construction 
scheme of series ( v , ) , ~ ~  in G F ( ~ ~ - )  := U „ O ~ ~ ( q ' )  having the property that the 
partial Sums W ,  := vi are free or completely free in GF(~;) over GF(q), 
depending on the choice of V , .  
In the case where r is an odd prirne divisor of q - 1 or where r = 2 and q = 1 
mod 4, for any integer n 2 1, all free and cornpletely free elernents in GF(~")  over 
GF(q) are explicitly determined in terms of certain roots of unity. 
In the case where r = 2 and q = 3 mod 4, for any n z 1, in terms of certain 
roots of unity, an explicit recursive construction for free and completely free 
elements in GF(~=")  over GF(q) is given. 
As an exarnple, for a particular series of completely free elements the correspond- 
ing minimal polynomials are given expIicitly. o 1996 Academic Press. Inc. 
Let q > 1 be a prime power, m > 1 and integer, and let GF(q) and 
GF(qm) denote the Galois fields of order q and q", respectively. Let G("y4) 
be the Galois group of the field extension GF(qm) over GF(q), i.e., the 
group of field automorphisms of GF(qm) fixing the field GF(q) elementwise. 
An element V in GF(qm) is called a normal basis generator in GF(qm) 
over GF(q) or a free element in GF(qm) over GF(q), provided that 
{g(v) ( g f G("4)}, the set of ~("+q)-conjugates of V ,  is a GF(q)-basis of 
GF(qm). Such a basis is called a normal basis in GF(qm) over GF(q). 
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